INTRODUCTION
Several studies of detergency have been conducted in order to gain a better understanding of the detergency mechanisms for both oily 1 6 and particulate 7, 8 soils.
However, there are only a few reports on the cold-water detergency when the stained oils on the fabric have solidified. Solid non-particulate soils, or solid fat soils, are a special type of soil in which the substances have properties between a liquid and solid, such as butter, margarine and solidified hamburger grease, depending on temperature. These types of soil are a challenging problem for detergent formulations, especially in cold climate regions where the semi-solid/oily soil is hard to remove from the fabrics. Kawase et al. 9, 10 found that the dominant mechanism of solid fatty acid soil detergency at a low washing temperature was solubilization by using both nonionic and anionic surfactants. The kinetic of solid fatty acid solubilization consisted of five steps; first, surfactant aggregates to diffuse to the surface of the fatty acid, second, the aggre-phase behaviors and oily soil detergency, along with the effects of the surfactant composition, temperature and salinity on the detergency performance. They found that the transition of microemulsion phases induced by the salt scan technique could be observed for both hexadecane and motor oil systems. In addition, the use of surfactant mixtures containing an anionic surfactant highly hydrophilic and two nonionic surfactants intermediate and highly hydrophobic could make the systems become more robust with respect to the temperature, compared to single-surfactant systems. In the Winsor Type III or middle phase microemulsion region, the detergency performance was much higher than that in either the Winsor Type I or Type II microemulsion regions. Under the middle phase microemulsion condition, the level of oil removal in the wash step was not very high due to the spreading effect as a result of the ultralow IFT. However, a significant oil removal as high as that in the wash step was found in the rinse step because the increase in the system IFT passed the composition at which the rollup mechanism gave additional oil removal. Tongcumpou et al. 4 , who studied triolein removal using a microemulsion-based formulation with mixed surfactants, reported that there were two values of maximum oily detergency in the salinity range from 0.1-10 wt NaCl. The higher the hydrophilicity of the system, the higher the salinity level that was required for maximum detergency. The first maximum peak resulted from a spreading or wetting effect, while the second maximum detergency was related to the ultralow IFT associated with the oil/water middlephase microemulsion formation. A triolein removal of 80 was achieved by the microemulsion-based formulation. According to the Winsor R-concept, an effective way to form microemulsions with greater solubilization and lower IFT is to equally increase the interaction of the surfactant for both oil and water, which can be achieved by increasing both the hydrophilicity of the surfactant head and the hydrophobicity of the hydrocarbon tail. However, this approach is limited by the reduced solubility with the increasing length of the hydrocarbon tail. Hence, extended surfactants have been proposed as an alternative surfactant structure to facilitate the formation of a Winsor Type III microemulsion without reducing the water solubility 13, 14 .
An extended surfactant has a group of intermediate polarity, such as polypropylene oxide PO or PO-polyethylene oxide PO-EO groups, inserted between the hydrophilic head group and the hydrocarbon tail group. As a result, it can further stretch out into both the oil and aqueous phases, resulting in a smoother transition between the hydrophilic and hydrophobic regions at the interface. The addition of a PO group in the hydrocarbon tail of a surfactant molecule gives a more hydrophobic portion to extend the tail into the oil phase yet still maintains a good interaction with the water phase. Hence, it becomes easy to form a middle-phase microemulsion, which provides both a high solubilization and ultralow IFT, leading to various applications, especially detergency 15 18 . Tanthakit et al. 19 investigated palm oil removal from fabrics using microemulsionbased formulations based upon a mixed surfactant system of C 14 21 reported that a mixture of a linear extended surfactant C 10 -PO 18 -EO 2 -SO 4 Na and a hydrophobic twin-tailed sodium dioctylsulfosuccinate surfactant showed synergism in a Winsor type III microemulsion formation, leading to a high detergency performance of vegetable oils and semi-solid fats at a low salinity and a low washing temperature. Attaphong et al. 22 studied the relationship of microemulsion formation of an extended surfactant and canola oil detergency at a low surfactant concentration and low washing temperature, and found that a good detergency performance at a low washing temperature corresponded with a lower IFT. In our previous work 23 , methyl palmitate or palmitic acid methyl ester was used as a model of solid non-particulate soil being removed from two tested fabrics of cotton and polyester by using a single anionic extended surfactant at temperatures below and above the soil s melting point. The experiments were carried out to find out the optimum concentrations of the surfactant and NaCl for the maximum removal of methyl palmitate at high temperatures higher than the melting point and low temperatures lower than the melting point which they were found to be not the same formulations. The study results revealed that the lower the contact angle, the higher the soil detergency. In addition, most of removed oil was in a unsolubilized form for either solid particles or liquid droplets. In general, mixed surfactant systems provide a higher oil solubilization than single surfactant systems 1 and so surfactant-based microemulsion formulation was employed in this study. 
Microemulsion Formation
Phase studies were performed by preparing different aqueous surfactant concentrations. The aqueous surfactant solution and oil were added at a 1:1 v/v ratio to a series of 15-ml flat-bottomed screw-capped tubes 1, 19, 20, 24 . Extended surfactant mixture systems were formulated at a high surfactant concentration of 4 wt with different concentrations of SMDNS from 0-1 and different NaCl concentrations in order to find a minimum hydrophilic linker and salinity for formation of a Winsor Type III microemulsion. All tubes were gently shaken for 3 min and left in a water bath for two weeks to ensure equilibrium before evaluating the microemulsion type and measuring the phase heights at 40 . The height of each liquid phase in each vial was measured by using a cathetometer model TC-II from Titan Tool Supply, Inc. attached to a digital height gauge model 192-631 obtained from Mituyo with an accuracy of 0.001 mm.
Fish Diagram Construction
Microemulsions were classified by both visual observation at high surfactant concentrations and dynamic IFT values at low surfactant concentrations, where the volume of the middle phase was difficult to be visually observed. The data of identified microemulsion types were used to construct a fish diagram, which is a graph of the total surfactant concentration vs. the NaCl concentration 19 . Fish diagrams are generally used to determine the minimum surfactant concentration required to form a Winsor Type III microemulsion, which is known as the critical microemulsion concentration CμC . Moreover, the intersection between the microemulsion regions Winsor s Types I, II, III and IV shows the solubilization capacity of the system to obtain a single phase of microemulsion Winsor Type IV 14, 25, 26 .
Fourier Transform Infrared FT-IR Spectroscopy
The powdered methyl palmitate particles were characterized for their functional groups by FT-IR spectroscopy Nicolet Nexus, 670 . The specimens were prepared by grinding with dry potassium bromide as a nonabsorbent medium. The mixture was packed into a sample holder and pressed to form a disk. The spectra were recorded over a wave number range of 4000-400 cm 1 with 64 scans at a resolution of 4 cm 1 .
Soiling Procedure and Detergency Experiment
The swatches polyester and cotton fabric samples having a size of 3 4 inches was prewashed before soiling to get rid of the residues of mill finishing agents. The prewashing was performed with 1000 mL of distilled water, a 10-min wash cycle with an agitation speed of 120 rpm by using a terg-o-tometer Copley, DIS 8000 . After the prewashing step, the swatch was left to dry overnight at room temperature. This method was followed according to the ASTM standard guide D4265-98 27 . Approximately 0.1 g of the oil-soluble dye was added to 100 mL of the oil above its melting point. The colored oil was filtered until clear. Next, 10 mL of the clear dyed oil was diluted with dichloromethane to 100 mL 28 . After that, the prewashed swatch was immerged into a container which containing the dyed oil solution for a specific time. Finally, the soiled swatches were left to dry overnight at room temperature. All swatches were freshly prepared for each batch of laundry experiments. The laundry experiments were conducted using the same a terg-o-tometer, which simulates a home washingmachine action in a bench scale unit. The experimental procedure consisted of a wash step for 20 min with 1000 mL of a surfactant washing solution and two rinse steps for 2 and 3 min with 1000 mL of DI water. An agitation speed for each step was fixed at 120 rpm. Three soiled swatches and one unsoiled swatch for anti-redeposition testing were washed in each bucket for one cycle for replication.
Oil Removal Measurement
Oil removal was calculated based on residual oil on the swatches to be washed off during the detergency experiment. The amount of residual oil was extracted by submerging a swatch in isopropanol for 24 h at room temperature, and then the extracted solution was analyzed by an ultraviolet/visible spectrophotometer Hewlett-Packard, 8452A 19, 28 . The oil removal was calculated from subtracting the remaining oil residue after washing from the origi-nal oil content in each swatch.
Oil Solubilization Measurement
An excess quantity of methyl palmitate was added to the mixed surfactant solution having a total surfactant concentration of 0.35 wt prepared from the selected formulation and a NaCl concentration of 5.3 wt . The mixture was stirred at 120 rpm for 20 min at different temperatures to simulate the wash step of the washing experiment. The surfactant solution phase was taken to analyze for total carbon content by using a Total Organic Carbon Analyzer TOC Shimadzu, TOC 5000 to represent the total organic carbon of the surfactants and methyl palmitate. The concentration of methyl palmitate representing the amount of methyl palmitate solubilized in micelles was obtained from subtracting the total carbon content by the total carbon of the surfactants.
Oil Dispersion Stability Measurement
The dispersion stability of methyl palmitate solid particles dispersed in an aqueous solution containing 0.35 wt of the selected formulation with different NaCl concentrations at 25 below the melting point was determined by measuring absorbance as a function of time using a UVVisible spectrophotometer Hewlett-Packard, 8452A . The solution was prepared by adding the methyl palmitate particles in the surfactant solution, after being well mixed; the prepared solution was transferred to a spectrophotometer cuvette. The reading of absorbance was fixed at a wavelength of 550 nm and was recorded every 10 s for 2 h. The absorbance values in the range of 2000 -5000 s were averaged to represent the dispersion stability. The higher the absorbance, the higher the dispersion stability.
Detergency and Measurement Methods
The measurements of CMC, IFT, particle size distribution, contact angle, and zeta potential were similar to the methods described in our previous study 23 .
RESULTS AND DISCUSSION

Microemulsion Phase Behavior of Methyl Palmitate
For the preliminary evaluation of the microemulsion phase behavior, the concentration of C 12,13 -PO 4 -SO 4 Na was fixed at 4wt while the concentration of SMDNS was varied. A minimum SMDNS concentration of 0.65 wt was required to achieve the formation of a Winsor Type III microemulsion Data not shown here . Hence, the mixture of C 12,13 -PO 4 -SO 4 Na and SMDNS with concentrations of 4 and 0.65 wt , respectively, was used for to constract the Fish diagram of the surfactant system at 40 , which is above the oil s melting point of 30 , as shown in Fig. 1 . The microemulsion phase behavior was not investigated at very high total surfactant concentrations, where a Winsor Type IV region would exist, because of cost reasons for detergency application. Since the hydrophilic linker was used to improve the interaction at the interface between the surfactant and water phase, an addition of NaCl was needed to maximize the surfactant adsorption at the interface. The triangle in dotted line in the region of middle phase microemulsion Winsor Type III enclosed by the phase boundaries the circle in solid line indicated the optimum salinity that corresponded to equal volumes of oil and water being solubilized. The lowest surfactant concentration at which the Type III microemulsion forms is known as the critical microemulsion concentration or CμC. The CμC value of this system was 0.015 wt at 5.3 wt NaCl which is consistent with the result of previous study 20 .
Microemulsion Stability
The salinity scan phase study of methyl palmitate of the selected formulation 4 wt C 12,13 -PO 4 -SO 4 Na and 0.65 wt SMDNS was performed at a 1:1 v/v surfactant solution: oil ratio at 40 . The plots of volume fractions vs. salinity concentration of different equilibrium times are shown in Fig. 2 , where the height of middle phase microemulsion was not stable and eventually disappeared after two months. This was believed to result from thermal degradation of the surfactant. For example, the changes in the FT-IR spectra of the functional groups after 2 months at different temperatures Fig. 3 support the thermal degradation of methyl palmitate after 2 months at a 40 or higher.
It is worthwhile to point out that the thermal degradation of methyl palmitate did not affect the detergency performance at high washing temperatures used in this study. According to FTIR results, all functional groups of methyl palmitate did not change with time up to 60 min at 40 data not shown here while the time for the wash step was only 20 min. Figure 4 shows the oil removal from the polyester and cotton fabrics and its redeposition as a function of the total surfactant concentration at 40 above the oil s melting point . The total surfactant concentration was varied by diluting the selected formulation. The total oil removal increased with increasing total surfactant concentration to reach a plateau at around a 0.35 wt total surfactant concentration with a maximum oil removal of 65 and 70 for the polyester and cotton fabrics, respectively, which are in good agreement with a previous study 23 .This is likely explained by the fact that the cotton fabric contains highly polar hydroxyl groups OH to hydrogen-bond with water molecules, causing a swelling of the fibers 29 . Consequently, it lowered the oil-cotton surface interaction, and increased the amount of surfactant adsorbed onto the cotton surface.
Detergency Performance: Effect of the Total Surfactant Concentration
The amount of oil redeposited on both the fabrics decreased with an increasing total surfactant concentration reaching a minimum when the total surfactant concentration was around 0.1 wt . The results indicated that the surfactant can help the detached oil particles disperse into the washing solution and so prevented oil redeposition onto the fabric.
Detergency Performance: Effect of Salinity
The effect of salinity on the oil removal and redeposition when using a total surfactant concentration of 0.35 wt at either 20 or 40 , when the methyl palmitate was in solid and liquid state, respectively, is shown in Fig. 5 . The detergency results at 40 showed that the level of oil removal was markedly increased with increasing salinity and reached a maximum oil removal of 68 and 75 for the polyester and cotton, respectively, with 5.3 wt NaCl, corresponding to the formation of a Winsor Type III microemulsion. At 20 , which is below the oil melting point 30 , the level of oil removal detergency efficiency was around 30 and 40 for the polyester and cotton, respectively, which was much lower than at 40 for both fabrics. Moreover, the effect of added NaCl on the removal of the solidified oil at 20 was negligible for both test fabrics. The oil redeposition on both test fabrics did not significantly change with changes in the NaCl concentration Fig.  5b . For any test fabric, the oil redeposition at 40 was lower than that at 20 , while the oil redeposition on the cotton was lower than that on the polyester at any given NaCl concentration at both temperatures. This was attributed to the hydrophobicity of oil to adsorb preferably onto the hydrophobic surface of the polyester fabric, as compared to the hydrophilic surface of the cotton fabric. Detergency performance as function of the total s u r f a c t a n t c o n c e n t r a t i o n o f t h e s e l e c t e d formulation with 5.3 wt NaCl and the oil redeposition at 40 on the cotton and polyester fabrics.
CMC Results
The effect of NaCl concentration on the critical micelle concentration CMC of the selected formulation at 25 and 40 is shown in Fig. 6a .When NaCl was increased from 0 to 1 wt , the CMC value markedly decreased at both temperatures and then declined slightly further with higher NaCl concentrations up to 7 wt highest tested , which is consistent with previous reports 15, 18 . This likely reflects the reduction in the electrical repulsion between the head groups of the surfactant by counter ion adsorption, causing more surfactant molecules to form micelles and a reduction in the CMC. Moreover, the CMC value at 25 was slightly higher than that at 40 for all NaCl concentrations except 0 wt , suggesting that the CMC value is relatively independent of the temperature 30 . An increase in the temperature causes the hydration of the hydrophilic head group, which favors micellization and also increases the disruption of the water structure surrounding the hydrophobic tail group that disfavors micellization. Thus, the effect of temperature on the CMC becomes insignificant 31 . Moreover, the PO groups of the extended surfactant inserted between the hydrophilic head group -SO 4 2 and the hydrophobic tail group C 12-13 -, make this extended surfactant less sensitive to temperature than conventional anionic surfactants 16 . The CMC data were also plotted as the logarithm 
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that the fractional counter ion binding on micelles had only slight temperature dependence. Interestingly, the total surfactant concentration of 0.35 wt of the selected formulation with 5.3 wt NaCl in the washing solution used for the detergency experiment is located in the Winsor Type III region which is higher than the CμC 0.015 wt and much higher than the CMC 0.001 wt . Therefore, it can be concluded that the dilute surfactant concentration used in the washing solution could still form the middle phase microemulsion and it also showed a high detergency performance on both studied fabrics, especially at high washing temperatures see Fig.  8 .
Contact Angle Results
The contact angle is used to indicate the wettability of a solution on any surface, which is first step of a detergency process. The contact angle of the 0.35 wt selected formulation on the surface of methyl palmitate at 25 decreased with increasing NaCl concentration and reached a minimum value best wetting of ca. 36 at 5.3 wt NaCl Fig. 7 . The increased NaCl concentration causes to a reduction in the repulsive force between the head group of the surfactant molecules by the Na counter ion effect, leading to an increase in the surfactant adsorption. As a result, the contact angle became lower, indicating better wettability. Interestingly, a decrease in the contact angle higher wettability corresponded to an increased level of oil removal. As a result, a lower contact angle improves the penetration of the surfactant solution into the inter-particle clusters and crevices, leading to better detergency performance. Thus, a good correlation between the oily detergency performance and contact angle was obtained is this present study, in good agreement with previous studies 23, 33 .
3.7 Effect of Temperature on the Detergency Performance The oil removal and redeposition on both studied fabrics as a function of the washing temperature using the selected formulation at the total surfactant concentration of 0.35 wt , in comparison to that with DI water or the commercial detergent, is shown in Fig. 8 . The oil removal increased with an increasing washing temperature for the polyester fabric, whereas the oil removal from cotton was significantly increased when raising the temperature from 30 to 35 with an efficiency increase from 59 to 78 , and thereafter the detergency performance remained almost unchanged in the range of 78-80 . In comparison with the commercial detergent and DI water, for any given washing temperature, the total oil removal of the selected formulation was much higher, especially on the polyester fabric. At a washing temperature below the oil s melting point of 30 the detergency performance using the selected formulation was significantly reduced to a range of 45-55 for the polyester and 40-60 for the cotton. Generally, an increased temperature caused a reduced solution viscosity and IFT, which enhanced the oil removal. The lower oil removal at a washing temperature below the melting point, as compared to that above the melting point, can be explained by the fact that the solidified methyl palmitate had a stronger interaction with the fabric surface than the liquefied methyl palmitate.
The oil redeposition of any system showed the opposite trend to the oil removal on both test fabrics Figs. 8c and 8d . In all washing solutions, the oil redeposition trended to decrease with increasing washing temperature below the melting point. At around the melting point, the oil redeposition seemed to reach a minimum. Beyond the melting point, the oil redeposition varied insignificantly with the washing temperature in all three systems on both fabrics. For any washing solution, the polyester fabric had a higher oil redeposition than that of the cotton fabric at any given washing temperature, reflecting that the hydrophobic oil will attach to the hydrophobic surface of the polyester. Interestingly, the oil redeposition in the DI water system was much higher than those of the two surfactants the selected formulation and the commercial detergent . Thus, the use of a surfactant not only enhanced the oil detachment but also reduced its redeposition.
Oil Solubilization Results
The proportion of solubilized and unsolubilization dispersion oil after a 20 min washing step with 0.35 wt selected formulation and 5.3 wt NaCl at different washing temperatures for the cotton and polyester fabrics is shown in Fig. 9 . For any washing temperature, most of removed oil was found to be as either emulsified liquid droplets or dispersed solid particles with a very small fraction of solubilized oil in micelles, while the solubilized portion slightly increased with increasing washing temperature up to a maximum at 40 . At a washing temperature below the oil s wt NaCl as a function of the washing temperature on the a polyester and b cotton fabrics.
melting point, the dispersed oil or unsolubilized portion values was much higher than that at washing temperatures above the melting point. Considering the detergency performance Figs. 8a and 8b , comparing the dispersion and solubilization of the removed oil portion, the detergency efficiency appeared to depend on the dispersion stability of the detached oil for both the solidified and liquefied oils.
Particle Size Distribution
Since most of detached methyl palmitate was in an unsolubilizied form, with solid methyl palmitate particles suspended in the washing solution after the wash step, then their particle size distribution could be ascertained, and that for the detached methyl palmitate particles in the selected formulation, commercial detergent and DI water at different washing temperatures below the melting point are summarized in Table 1 . In all three solutions, the particle sizes of the solidified oil dispersed in the washing solutions had three particle size ranges of low 1-5 μm , medium 5-100 μm and high 100-600 μm . Increasing the temperature had no significant effect on the particle size distribution or the mean size of the detached methyl palmitate soil particles. The detached methyl palmitate particles in DI water were much larger within the large 100-600 μm size range and had the largest mean particle sizes compared to those of the two surfactant solutions the selected formulation and commercial detergent at any washing temperature on both fabrics. This is because surfactant adsorption onto the detached methyl palmitate particles prevented particle agglomeration. Interestingly, the use of the selected formulation provided the smallest particle sizes of detached methyl palmitate at any washing temperature on both studied fabrics. Presumably the surfactant solution penetrated the methyl palmitate oil by wetting, and so the soil was then dislodged as small particles or droplets causing the apparent correlation between the small particle size and good wettability, leading to a lower oil redeposition and higher oil removal. Figure 10 shows the correlation between the zeta potential and dispersion stability, in terms of the average absorbance, of methyl palmitate particles in 0.35 wt of the selected formulation as a function of the salinity at 25 , as compared with DI water and the commercial detergent CD . For all three systems of the DI water, the CD, and the selected formulation without added NaCl, they had very high values of zeta potential with very low dispersion stability low absorbance . In comparison among the studied formulation, in the absence of NaCl, the magnitude of the zeta potential of methyl palmitate particles was extremely high, due to the ester functional group in methyl palmitate being hydrolyzed into carboxyl and hydroxyl groups, as well as the adsorption of the anionic extended surfactant 7, 8, 34, 35 . The zeta potential of the methyl palmitate particles became less negative with increasing NaCl concentrations, due to the compression of the double layer or reduction of Debye length next to the surface by the coadsorption of sodium ions from the added NaCl 36, 37 .
Zeta Potential vs. Dispersion Stability
With respect to the dispersion stability, measured in terms of average absorbance, the use of the selected formulation at 0.35 wt with 5.3 wt NaCl exhibited the maximum dispersion stability of the methyl palmitate solid particles, which corresponded to the best detergency performance despite the fact that the zeta potential was less negative. Beyond the optimum NaCl concentration 5.3 wt , the dispersion stability decreased with further increasing NaCl concentration. The effect of NaCl on the dispersion stability had the same trend that of wettability. For particulate soils, the higher the absolute zeta potential, the higher the electrostatic repulsion, causing a higher the dispersion stability 7, 8, 31, 38 . However, here the zeta potential does not appear to correspond to an increasing dispersion stability or detergency, and so electrostatic interactions are probably not the dominant mechanism for solid non-particulate soil detergency. The results as shown in Fig. 10 and Table 1 indicate that as the dispersion stability of particles increases as the mean particle size decreases. The selected formulation with 5.3 wt NaCl had the lowest mean particle size with the highest dispersion stability as compared with both DI water and commercial detergent CD because the specific surface area increased as the particle size becomes smaller. Therefore, the higher the specific surface area, the higher the surfactant adsorption, leading to the higher the dispersion stability 39 . The zeta potential is independent on the particle size, but depends on a number of factors including pH, conductivity concentration and/or type of salt , and type of added surfactant 40 .
Mechanisms of Solidi ed and Liquid Oil Detergency
Above the methyl palmitate melting point, the roll up and emulsification of liquid oil with dispersion stability were the dominant mechanism due to the reduction of oil/ surfactant solution IFT. The lower the IFT, the higher the oil removal. Below the melting point, the dominant mechanism was the detachment and dispersion stability. The detachment of solidified oil particles from the fabric surface was facilitated by wetting from the surfactant adsorption. The detached solidified oil particles were well dispersed by surfactant adsorption, where the lower the contact angle, the higher oil removal. Both the detached oil droplets and solidified oil particles were then stabilized by surfactant adsorption and most of the detached oil, either in solid or liquid form, was in an insolubilized form.
CONCLUSIONS
The selected formulation was able to form a Winsor Type III middle phase microemulsion at a high temperature 40 , which is above the melting point of methyl palmitate 30 . At temperatures higher than the melting point and under the Winsor Type III microemulsion condition, the maximum oil removal was found to correspond to the minimum system IFT. The selected formulation provided a much higher oily soil detergency compared to that with the commercial detergent or DI water system at any given washing temperature, and most of the detached methyl palmitate was in an unsolubilizied form at washing temperatures lower or higher than the melting point. In comparison with our previous paper, the use of the selected formulation microemulsion-based at washing temperatures both below and above the methyl palmitate s melting point gave higher detergency efficiency, especially below the melting point for the polyester around 10-15 , indicating that the microemulsion-based formulation should be employed for detergency application for oil removal in the wide range of washing temperature. According to both results, the removal of liquefied oil resulted from the mechanisms of both roll up, emulsification and dispersion stability while the removal mechanism of the solidified oil was governed the detachment and dispersion stability of solid particles. For oily soil detergency, the system IFT was the most important process parameter in which the lower the IFT, the higher the oil removal. For a non-particulate or waxy soil detergency, the wettability, expressed in terms of the contact angle, was the most important process parameter, where the lower the contact angle, the higher the detergency performance. The use of the microemulsion-based formulation to provide an ultralow IFT for maximum oily detergency also gave a relatively high waxy oil removal.
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